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September 8, 14&L
Ref: 295/885-21/3865

National Aeronautics and Space Administration
LQ0 Marylanu Avenue, S.W. .
Waszhington 25, D.C. ’ :

Attention: Dr. Michael Del Duca (Code RB)

Subject: Study of Biochemical Fuel Cells
. under Contract No. NASw-654

Enclosures: (1) Eighteenth Monthly Letter Report,
"Study cof Biochemical Fuel Cells™"

P R

(2) Distribution List for the Eighteemnth Monthly
Letter Report, "Study of Biochemical Fuel Cells”

(3) Estimated Costs For Biochemical Fuel Cell
Program through sugust 28, 1964

1. Enclosure (1), describing the technical results of the work
. accomplished to date on this progrem, is hereby sutmitted in accord-
: ance with Article IV, Section A, of the subject contract.

2. Enclosures (2) and (3) indicate the distribution for Enzlosure
(1) and the estimated costs expended to date on the program in accord-
! o ance with contract requirzments.
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NOTICE

This report was prepared as an account of Government-
sponsored work. HNeither the United States, nor the
National “eronautics aznd Space Administration (NASA),
nor any person acting on benaif of NASA:

a. Makes any warranty or representation expressed
or implied with respect to the accuracy, com-
pleteness, or usefulness of the infermation

. contained in this report, or that the use of

’ any information, apparatus, method, or process
disclosed in this report may not infringe
privately-owned rights; or

b. Assumes any liahilities with respect to the use
of, or for damages resulting from the use cf
any information, eapparatus, method, or process
disclosed in this report.

As used above, '"person acting on behalf of NASAY includes
any employee or contractor of NASA, or employee of such
contractor, to the extent that such emplicyees or con-
tractor of NASA, or employee of such contractor prepares,
disseminates, or provides access to any information

‘pursuant to his employment or contract with NASA. or his

employment with such contractor.

.Requests for copies ¢of this report shounld be referrea to:

National Aeronautics and Svace administration
Office of Scientific and Technical Information
Washington 25, D. C.

Attention: AFSS-A
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Eighteenth Monthly Letter Report

1 August 1964 to 1 September 1964

STUDY OF BIOCHsMICAL FUEL CELLS
Contract NASw-654

The Marquardt Corporation, ASTRO Divisicn
16555 Saticoy Street
Van Nuys, California

W

Telepkone 781-2121 (Area Code 213)
George E, Ellis, Principal Investigator

During the past month, investigations have been conducted on
the subject contract under the following general topics:

(1) EBffect of tctal time in the system vs. cell time, main-
taining a given ratio of electrode area:fuel-anolyte volume in
both the flow and non-flow systems;

{2) Electrochemical activity of Escherichia coli own an

" amino acid indigenous to human waste;

(3) Electrochemical degradatinn of activated sludge; and

{k) Brfect of bubbling pure hydrogen gas into a feces-urine

mixture. . -
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I EFFECT OF TOTAL TIME IK 8 SYSTEM VS. CELL TIME

Farther experiments are being conducted to determine the effects of
chemical-biochemical reactions in comparison with chemical-biochemical-
electrochemical reactions. The chemical-biochemical reactions occur
independently of electrodes, while the chemical-tiochemical-electrochemical
reactions occur in the proximity of the electrodes.

It is appropriate at *tnis time to redefine the terms. "Total time"
refers to the elapsed time since the fuel-anolyte was mixed and introduced
into the ©biofuel cell system; "cell time" refers to the total amount
of time spent by the fuel-anolyte in the proximity of the electrodes.

In the case of the non-flow system, cell time equals total time, whereas
in the flow system, the ratio of cell time:total time is equal to the
ratio of cell volume:total volume,

The experiment is being conducted in the flow and non-flow systems
under the experimental conditicns described in Table I.

It was found in earlier studies that there was no direct correlation
between the anodic open-circuit potentials of the two sysiems as a
function of time on either a total time or a cell time basis.

The specific purpose of this experiment is to determine the effect
of maintaining the same ratio of electrode surface to fuel-anolyte
volume in both systems; the details are tabulated below:

Fuel-Anolyte Ratio of Electrode
Electrode Area Volume Area to Fuel-Anolyle
System (sq. in.) (ml,) Volume
Flow 3.54 300 .0118
Non-flow 1,00 85 .0118

II ELECTROCHEMICAL ACTIVITY OF ESCHERICHIA COLI ON AN AMINO ACID

A limited effort is being expended in determining some of the
reaction mechanisms associated with chemical and electrochemical degrada-
tion of human waste, The basic plan is to determine rathe:r a3imply
whether one or two of the many types of microorganisms indigenous to
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human waste may be responsible for producing most of the electreochemical
vower that is obtainable from human waste, by preferential metabolic
reactions involving one or two of the indigenous chemical compounds.

A list of chemicals indigenous to human feces was presented in the
thirteenth monthly report.

Carbohydrates, 1ipids, and proteins are present in human waste.
The initial study involves determining the electrochemical energy output
caused 1y the metabolic reaction of one of the indigenous micrcorganisms
(Escherichia coli) on one of the amino acids that constitute the protein
content of human feces,

The experiment is being conducted under the conditions described
in Table I for the non-flow system, except that the fuel-anolyte will
contain only an amino acid (arginine, lysine, or threonine) in sterile,
deionized water. The length of time required for this experiment is
expected to be very short (e.g., a few hours), because it is recognized
that the small amount of amino acid being used in this experiment
(approximately 1/6 gm.) will be quickly consumed, and further that a
medium containing only water and one additional chemical compound (the
amino acid) is not a satisfactory nutrient for continued microbiological
metabolism,

III ELECTROCHEMICAL DEGRADATION OF ACTIVATED SLUDGE

A sample of activated sludge was obtained from a local sewage
treating plant (courtesy Mr. Joseph Nagano, Eyperion Sewage Works,
Playa del Rey, California).

This material is being maintained in an aerated, viable conditicn
by bubbling with gaseous oxygen and by periodica.ly adding fresh human
vaste to the sludge.

The sludge is being used under experimental conditions similar to
those described in Table I for the non-flow system, except that activated
sludge was added to the urine-feces mixture in a final volume ratio of
1 volume of activated siudge to 9 volumes of the usual urine-feces
mixture, and the fuel-anolyte is being aerated.

A galvanostat is being used to control the current inpu* tc the
biofuel cell, in order to evalucte the extent of degradation of human
waste by electrochemical energy.

Another experiment is being conducted with the activated sludge,
under the same experimental conditions as those described abeove, but
at 97°F (body temperature) instead of at room temperature (76°F).



%rguam’f

CORPRATION -
Enclosure (1) Sept., 1964
LE 295-18 Page b

Iv EFFSCT OF BUBBLING PUKE HYDROGEN LS THY0 A FRCRS-L2TVNE MIXTURER -

An experiment is being conducted, in which the experimental -
conditions are the same as those described in Table I, except that pure,
gaseous hydrogen is bubbled into the fuel-anolyte instead of helium,
The purpose of this experiment is to deteruine the electrical power
output obtainable if hydrogen, which is one of the products of the de-
gradation of human feces, is present in excess; that is, if the
availability or hydrogen is not ilimited by metabolic reactisns.

It is not contemplated that pure, gaseous hydrogen would be used
in a biofuel cell in a space system employing human waste as the fuel,
The purpose of the experiment was to determine the power level of the
system if a considerable amount of hydrcgen had accumulated for a
period of time in the space vehicle, due to degradation of the waste.
This experiment removes the metabolic production of hydrogen as the
rate-limiting step in the productlon of electrical power from human
waste, i

The results of the experime. ‘are tabulated below:

Run No. 83
Peak Anodic Power

Density (mw/sq. ft.) 3,42
Peak Total Power .

Density (mw/sq. ft.) 3,42
Short Circuit Current

Density (ma/sq. ft.) 34,5

Open-Circuit Ancodic

Potential at Time of

Polarization Study (volt) -0.669
Best Anodic Open-Circuit

Potential (volt)
pH, Initial 8.7
pH, Final

The effects of other pure gases which are normally produced during
the degradatica of human waste (e.g., hydrogen sulfide, ammonia) will
be determined, if time permits, insofar as they effect the power output
of a biochemical fuel cell. Again, as in the case of the hydrogen
experiment described above, the pure gas will be present in excess, as
though accumulated in a biofuel cell over a period of time, and metabolic
production of the gas will not be rate-limiting.

v
U

O

.
Ao

13,



e ey WKL w e

R R A s e ]

e+ "R

cwd e

B

ThE 7
A" AIGUALT v v cscror

R )

CURPORATION
Enclosure (1) bept., 1964
LR 295-18 Yage 5

FUTURE WORK

During the next monih, investigations will be conducted in the
following areas:

1. Completion of the studies described in this repori; and

2. Determinatiocn of the extent of metzbolism of carbohydrate by
Et Colin

3. Issuance of the final report covering the investigations under
this contract.

Prepared by: Checked by:

. AR //ézéZéiAL /’éé?%é%7ﬁ5qﬁiézzi%/’
George E, Ellis J. G. Bitterly r//
Principal Investigator Principal Researth Scientist

Bioastronautics

Approved by:

o Do

L. N, Thomas
Chief Researck Scientist
Advancea Projects




O TR e

arquara’l‘

CORPORATION

Enclosure (1)
LR 295-18

Cell: Plsstic (Lucite)

Electrodes: Platinized platinum foil, 2-1/8 in. clear diameter, 3.54

sq. in, geometric area.

ATT T
TABLE I

EXPERIMENTAL CONDITIONS

BIOCHEMICAL FUEL CELL

FLOW SYSTEM

Sept., 1964
Page 6

Separator: Cellulose acetate (Sargent S-14825, 0.001 in. thick).

O0-Rings: Silicone (Dow Corning S-7180).

Catholyte: 24 wt. % NaCl - 2§46 KC1 in sterile, deionized water;

non-biological; bubbled with purified, gaseous oxygen.

Waterproof and Chemically

Resistant Paint: Temprotec TP 220 Red (Ryan

Herco Products Corp., Burbank, Californiz).

Fuel-Anolyte: 30 gms. non-sterile, human feces (special diet; frozen
and thaved) in 100 mi. non-sterile, human urine

120°F). Feces was obtained from volunteers on a low cellulose diet,
and was frozen immediately after collection.
Deluxe (John Oster Mfg. Co., Milwaukee).

NON-FLOW SYSTEM

Cell: Glass, H-Shape, O-Ring type

Electrodes: Platinized platinum foil, 1 sq. in. area (non-cpposing faces
coated with waterproof and chemically resistant paint).

Separator, O-Rings, Catholyte, Fuel-Anolyte, and Waterproof and Chemicall

Registant Paint: Same as

for flow system.

(frczen and reheated to

Homogenized in Osterizer
Bubbled with helium.
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One copy to:

One copy to:

One copy to:

On~ copy to:

One copy to:

One copy to:

Oane copy to:
(without
Enclosure 3)

One copy to:
(without
Enclosure 3)

By e e ke PR

Sept., 1964
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DISTRIBUTION LIST
FOR THE SEVENTEENTH MONTHLY LETTER REPORT,
"STNLY CF EIOCHEMICAL FUEL CELLS*

National Aeronautics and Space Administration
400 Maryland Avenue, S.V¥

Washington 25, D.C.

Attention: Dr. Michae. Del Duca (Coae RB)

(Same address as above)
Attention: Mr. Ernst “ohn (Code RB)

National Aeronautics and Space Administration
Lewis Research Center
21C00 Brookpark Road
Cleveland, Ohio 44135
Attention: Mr, Farvey J. Schwartz
10X 10 SWT, Room 101 -

National Aeronautics and Spice Administration
Lewis Hesearc: Center

Space Power Systewms nivisicn

Auxil*ary Power (enerstiorn Office

Cleveland, Chic

Attenvion: 1ir, Meyer P. Unger (86.1)

National Asronsutics and Space Admirnistratio:n
Western Cparatious Office

150 Pico Bovlevard

Santa Mcnice, (alifornia

Attention: ¥r. Meyer R. Unger (86.1)

National Aera.autice and Space Adminis . yg..ou
Western Operatiune Office -
150 Pico Boulev.:i

Santa Monica, Californis

Attention: Mr., Joseph . Cuilinane

Magna Products, Inc.

1001 South East Street
Aneheim, California
Attention: Contract NASw-623

Aeronutronics

A Division of Ford Motor Company
Ford Road

Newpert Beach, California 3
Attention: Contract NASw-655 4

7

One copy of transmittal letter only to: AFPO T'.C-VN
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ESTIMATED COSTS

OF BIOCHEMICAL FUEL CELL PLOGRAM

THROUGH AUGLLT 28, 1964

Engineering Hours Expendec 5,482
Technician Hours Expended 671
Estinated Cost $76,255

Commitments 11
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